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ABSTRACT 
Osteologists and forensic researchers are often called upon to determine age at 
death for skeletal remains.  Although there are common methods in wide use, new 
methods are always sought.  This study evaluates the accuracy of two radiographic 
methods of determining age by looking at the changes in the trabecular architecture of the 
proximal femur.  These two methods are the Szilvassy and Kritscher (1990) method and 
the Walker and Lovejoy (1985) method.  Samples were taken from four skeletal 
collections.  Radiographs were taken of each individual and both Szilvassy and 
Kritscher’s (1990) phases of trabecular change and Walker and Lovejoy’s (1985) phases 
of trabecular change were applied.  The Szilvassy and Kritscher (1990) standards yielded 
a higher percentage of accurate results than the Walker and Lovejoy (1985) standards.   
Neither method produced results that were accurate enough to be used reliably.  The 
Szilvassy and Kritscher (1990) technique, however, proved more accurate than the 
Walker and Lovejoy (1985) technique.  The low accuracy of the Walker and Lovejoy 
(1985) technique does not appear to be explained by factors such as race and sex.  This 
method also assigned age categories that were greater than 20 years away from true age 
at death for more individuals than it assigned correct age categories.  In contrast, this 
researcher found several trends in the accuracy of the Szilvassy and Kritscher (1990) 
method to different groups.   This method tended to be more accurate when assigning 
ages to black individuals than white individuals.  When separated on the basis of sex, the 
Szilvassy and Kritscher (1990) method assigned more accurate ages to females than to 
males.  When age was taken into account, this method applied better to younger 
individuals than to older individuals. Thus, the Szilvassy and Kritcher (1990) method, 
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with recalibration and new standards for separate groups, may become a useful technique 
for researchers.   
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INTRODUCTION 
Determining age at death of skeletal remains requires the presence of certain traits 
that change consistently over time.  As the body ages, destructive processes replace 
growth processes.  Osteologists have long known that bone loss occurs with increasing 
age.  Recently, however, researchers began looking at this bone loss as a progressive 
phenomenon that can be used to infer the age of both skeletal remains and living people.    
As an individual ages, natural involution, or bone loss, of both cancellous and cortical 
tissue occurs.  In the mid-twentieth century, researchers began to look at the architecture 
of trabecular, or cancellous bone, to measure degree of bone loss and to diagnose 
osteoporosis.  Based on this research, anthropologists started to ask whether or not 
trabecular bone loss was consistent enough to be used as an indicator of age at death.  
The present study evaluates the results of two methods that determine age by evaluating 
the trabecular architecture in the proximal femur.  This researcher evaluated both 
Szilvassy and Kritscher’s (1990) and Walker and Lovejoy’s (1985) techniques using four 
different forensic collections from the United States in order to determine if the 
trabecular architecture of the femur can be used regularly in forensic contexts.   
The destructive processes which occur with age make assigning specific ages to 
adult remains difficult.  Skeletal remains are not always complete or undamaged.  
Therefore, osteologists and forensic researchers can benefit from a greater number of 
viable aging techniques.  Although there are several aging methods available to 
osteologists, age determination by trabecular architecture has the potential to fill a niche 
that other methods may not be able to address.  Even if other aging methods are possible, 
this technique may provide another method to confirm age determinations.  
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REVIEW OF LITERATURE 
Trabecular Bone Growth and Loss 
The femur is composed of both trabecular and cortical bone.  Although both 
trabecular and cortical bone are made up of thin lamellae, there are differences in their 
patterns of growth and loss.  Rates of cortical and trabecular bone loss are not the same.  
Loss of trabecular bone may occur up to ten years before the loss of cortical bone begins 
(Riggs and Melton, 1986).  In addition, age-related remodeling is not uniform within a 
single element.  In the diaphyseal region of the femur, most bone remodeling occurs in 
the cortical bone.  However, in the epiphyseal regions, remodeling tends to affect 
trabecular bone at a higher rate than cortical bone (Ericksen, 1979).  Thus, the 
remodeling patterns of trabecular bone should be looked at separately from the 
remodeling patterns of cortical bone. 
Trabecular bone formation follows a regular pattern of distribution (Figure 1). 
Until one year of age, trabecular bone in the proximal femur is arranged in straight bars 
that run parallel to the sagittal plane.  At about one year of age the child begins to walk 
and contracts the muscles of the hip more often.  As this happens, the parallel trabeculae 
begin to be absorbed and are replaced with the more “vault-like” pattern that is 
characteristic of mature bone (Townsley, 1948).  This pattern of trabeculae remains 
basically the same, undergoing only minor revisions, as the individual grows (Townsley, 
1948).  After epiphyseal closure, bone continues to thicken as the individual reaches 
adulthood.  The bone then enters a period of relative stability.  This period of stability 
lasts an undefined length  of time.  Following the period of stability, the individual enters 
a period of bone loss (Riggs and Melton, 1986).  In this period, bone formation, while 
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active, cannot compete with the rates of bone resorption and the overall net bone mass is 
reduced (Jowsey, 1962).   
 
 
 
 
 
 
 
 
FIGURE 1: Growth of Trabecular Trajectories: C represents cartilage.  Adapted from  
                     Townsley (1948: 27) 
 
Bone loss occurs when areas known as bone remodeling units begin to function 
abnormally.  These bone remodeling units are made up of two portions.  The cutting 
cone, or resorption canal, consists of active osteoclasts, advancing capillaries, and 
undifferentiated cells (Ross and Reith, 1985).  The cutting cone works on previously 
inactive bone surfaces.  In about two weeks, the cutting cone has formed a small tunnel in 
cortical bone and a lacuna on the surface of trabecular bone (Riggs and Melton, 1986).  
At this point in the bone remodeling cycle, the second portion of the bone remodeling 
unit, or closing cone, begins to work.  The closing cone consists of osteoblasts which 
begin to fill in the hole with new bone (Ross and Reith, 1985).  Within three to four 
months the closing cone has formed a new bone structure (Riggs and Melton, 1986).   For 
young individuals, the processes of bone resorption and bone formation act in concert 
with each other to help maintain bone mass and strength.  As individuals age, however, 
C C C
8 Months  
Fetal 
1 Year 2 1/2 Years Adult 
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these two processes no longer act together.  Instead, bone resorption increases while bone 
deposition decreases.  Over a period of time this leads to bone loss and, if severe, 
osteoporosis (Ross and Reith, 1985). 
This uncoupling of bone loss and growth occurs after about the age of forty in 
most U.S. individuals (Riggs and Melton, 1986).  Researchers do not know what triggers 
bone resorption to increase and bone apposition to decrease (Ross and Reith, 1985).  
Riggs and Melton (1986) state that ineffective osteoblasts are not responsible for this 
increase in bone loss.  Net bone loss may be due to malfunctions in the hormonal 
regulators that stimulate osteoblastic activity, such as an increase in parathyroid hormone 
(Riggs and Melton, 1986).  Parathyroid hormone stimulates the formation of osteoclasts 
and increases the activity of existing osteoclasts (Ross and Reith, 1985).  Decreased 
calcium absorption, that occurs naturally with age, may also lead to the inability to 
maintain bone strength (Riggs and Melton, 1986).  A decrease in calcitonin, may lead to 
increased bone loss.  Calcitonin is a hormone produced in the thyroid, which helps 
osteoblastic activity.  In postmenopausal women, low estrogen levels can also lead to 
increased bone involution (Ross and Reith, 1985). 
A host of factors, both group and person specific, may influence the rate of bone 
loss once involution begins.  These factors include race, sex, diet, health and lifestyle 
(Atkinson et al., 1962; Bollet et al., 1965; Brickley and Howell, 1999; Chalmers and Ho, 
1970; Ericksen, 1979, 1982; Hart et al., 2002; Lane and Nevitt, 2002; Liel et al., 1988; 
Mielke et al., 1972; Riggs and Melton, 1986; Trotter et al., 1960).  The implications of 
these factors on trabecular bone loss of the femur will be discussed later. 
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Osteoporosis 
Most previous research on age-related bone loss has centered on the measurement 
of osteoporosis.  Riggs and Melton (1986: 1676) define osteoporosis as “an absolute 
decrease in the amount of bone, leading to fractures after minimal trauma.”   Minimal 
trauma refers to the ability of a bone to break without outside force.  A fall while standing 
on a flat surface would suffice (Bollet et al., 1965).  Osteoporosis can be caused by many 
factors.  Of these factors, age is perhaps the greatest.  Chalmers and Ho (1970) found that 
until the age of forty-five, the number of individuals with severe bone involution is low.  
After forty-five, however, the number of individuals with extreme bone loss rises 
dramatically.  Yet age is not the only factor leading to osteoporosis.  Other factors 
include: disuse, endocrine dysfunction, dietary deficiency, and hyperparathyroidism 
(Chalmers and Ho, 1970).  The studies mentioned here will focus on osteoporosis caused 
by age-related bone loss.   
Most age-related fractures occur in areas where trabecular bone provides the 
greatest support rather than in areas where support is given by cortical bone (Weaver and 
Chalmers, 1966).  A definite correlation exists between bone strength, or resistance to 
fracture, and the density of the bone (Mizrahi et al., 1984).   However, this exact 
relationship is unclear and subject to debate.  According to Brickley and Howell (1999) 
changes in the microstructure that weaken resistance to force are more of a factor in bone 
fracturing than the proportion of mineral loss.  Kranendonk et al. (1972) found no 
significant correlation between femoral trabeculae and bone mineral content.   On the 
other hand, Weaver and Chalmers (1966) found that strength of cancellous bone is related 
to bone mineral content, although this correlation is not strong.   
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Trabecular Architecture of the Femur 
Cancellous bone of the femur is arranged in a “vault-like” construction of 
trabecular lines (Szilvassy and Kritscher, 1990).  These trabecular trajectories run in 
curved arches (Figure 2).   Within these arches, individual trabeculae are arranged in the 
direction of both compression and tension forces (Macchiarelli and Bondiolini, 1994; Pal 
and Routal, 1998; Szilvassy and Kritscher, 1990).   As a unit, the architecture of the 
proximal femur is arranged to deal with composite stresses where compression, shearing, 
and bending all act at one time (Mizrahi et al., 1984).  These forces both originate 
externally and internally of the hip joint (Tobin, 1955).  The femur conforms to the 
cantilever beam theory (Phillips et al., 1975). When vertical stress is put on the proximal 
femur, tensile stresses act on the femoral neck which may lead to fracture if not properly 
buttressed (Mizrahi et al., 1984).  The beam, on the medial end, is supported by pelvic 
reaction forces.  On the lateral end, the beam is supported by the femoral shaft and the 
greater trochanter (Phillips et al., 1975).    When the femur undergoes bending stress, it is 
protected from fracturing by the shaft and by the pelvic reaction force (Mizrahi et al., 
1984).    
In ideal trabecular arrangement, there are five main groups of trabeculae.  
Secondary trabeculae fill in between the major groups giving the arches support in 
situations where the direction of stress changes (Siffert, 1967).  These groups can be seen 
in femoral cross section (Figure 2).  The first group projects from the femoral head to the 
inferior neck.  This trajectory corresponds to the principal compressive forces on the 
proximal femur (Macchiarelli and Bondiolini, 1994).  This trabecular group is the 
thickest and densest. (Singh et al., 1970).  The second group vaults from the medial 
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femoral head to the femoral shaft, inferior to the trochanter major.  This second trajectory 
line accommodates the principal tensile forces on the proximal femur (Macchiarelli and 
Bondiolini, 1994).  This trabecular group is the thickest for groups that accommodate 
tensile stresses (Singh et al., 1970).  The third trajectory extends from the trochanter 
major to the trochanter minor.  This third group corresponds to secondary compressive 
forces (Macchiarelli and Bondiolini, 1994).  A fourth group leads across the trochanter 
major.  The fifth group extends from the secondary compressive group to the lateral 
shaft; this group corresponds to secondary tensile forces. (Szilvassy and Kritscher, 1990).   
 
 
 
[=-jku 
 
 
 
 
 
 
 
   FIGURE 2: Ideal Trabecular Arrangement of the Proximal Femur:  Numbers 1-5   
               represent the five main trabecular groups.  Adapted from Singh et al.  
      (1970: 458) 
 
The principal compressive group intersects with the principal tensile group at 
right angles (Mielke et al., 1972; Tobin, 1955).  This right angle is critical to the strength 
of the proximal femur.  Between the principal compressive group, the principal tensile 
group and the secondary, compressive, trabecular mesh, lies an area called Ward’s 
Triangle (Singh et al., 1970; Tobin, 1955).  Ward’s triangle gradually becomes 
Apex 
5. Secondary Tensile Group 
4. Greater Trochanter Group 
2. Principal Tensile Group
 
1. Principal  
Compressive 
Group 
Ward’s Triangle 
3. Secondary        
Compressive 
Group 
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translucent as a person ages (Singh et al., 1970).   Most fractures of the proximal femur 
occur in the area of Ward’s triangle (Tobin, 1955; Phillips et al., 1975).  Thus, changes in 
this area of mesh may be highly significant in the structural stability of the hip. 
Trabeculae are resorbed in an ordered pattern.  The order in which trabecular 
trajectories are resorbed corresponds to the intensity of stress acting upon that trajectory 
(Singh et. al., 1970).  In general, fine trabeculae are resorbed first.  Mielke et al. (1972) 
found that horizontal trabeculae tend to be resorbed before vertical trabeculae.   
Radiographically, however, this bone loss does not become visually apparent until at least 
30% of the bone has been lost (Macchiarelli and Bondiolini, 1994).   
Figures 3, 4, and 5 show the general progression of bone loss throughout age.   At 
age 27, the trabeculae of the femur are densely meshed (Figure 3).  Both the primary and 
the secondary groups are present and may be hard to distinguish on the x-ray film.  There 
are slight transparencies in the areas of Ward’s Triangle and the greater trochanter.  The 
Apex of the medullary cavity is at or below the lesser trochanter.  At 48 years of age, 
much of the secondary trabeculae have been resorbed (Figure 4).  The primary trabecular 
groups are still present and can be distinctly seen.  Ward’s Triangle and the greater 
trochanter are virtually devoid of trabecular mesh.  Along with this, the major trabecular 
lines become course (Siffert, 1967).  The apex of the medullary cavity is above the lesser 
trochanter.  At 74 years of age, all secondary mesh has been resorbed (Figure 5).  Only 
the principal compressive and principal tensile groups are still present.  However, the 
principal tensile group is often weak.  The principal compressive group is the last group 
of trabeculae to be resorbed.   Ward’s Triangle and the apex of the medullary cavity are 
no longer defined.   
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FIGURE 3: Architecture of the Femur at     FIGURE 4: Architecture of the Femur at    
        27 Years        48 Years 
 
FIGURE 5: Architecture of the Femur at 74 Years 
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Walker and Lovejoy’s (1985) eight stages of trabecular change show the gradual 
loss of secondary trabeculae followed by the loss of primary trabecular lines within the 
femoral head, neck and proximal shaft.  Individual trabeculae become courser with 
advancing age and, in radiographs, the proximal femur becomes more translucent.  In 
Szilvassy and Kritscher’s (1990) seven stages of femoral aging, along with greater 
trabecular loss, the apex, formed by secondary trabeculae in the femoral shaft, moves 
progressively toward the femoral neck.   
Previous Research  
 Several researchers, with varying results, have studied the applicability of using 
trabecular architecture as an indicator of age at death.  Walker and Lovejoy (1985) 
looked at age-related macroscopic changes in the proximal femur, humerus, clavicle, and 
calcaneus.  The authors found that, by comparing age estimations gained from seriation 
to true age at death from documentation, the clavicle had the highest correlation to known 
age than the other bones.  In addition, the cancellous bone of the clavicle changed more 
consistently with age than the other bones.  The clavicle did not appear to be as subject to 
the sexually dimorphic fluctuations in the rate of bone loss as the femur and humerus.  
The femur and the humerus had the next highest rates of correlation, with the humerus 
being slightly higher.  The calcaneus showed a non significant correlation with age but 
was highly sensitive to differential lifestyle stresses associated with activity levels.  
Females tended to have not only a higher amount of bone loss than males but a more 
erratic pattern of bone loss.  Walker and Lovejoy (1985) state that, in the femur, the 
degree and pattern of bone loss are sexually dimorphic and become more variable in the 
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third and fourth decade of life.  Thus, the authors believe that the clavicle is the best 
element to use for aging cancellous bone (Walker and Lovejoy, 1985). 
Szilvassy and Kritscher (1990) took radiographs and cross sections of the 
proximal femur and proximal humerus from both living people and cadavers.  The 
authors developed 10-year stages of femoral change.  The authors then tested this method 
against known ages and found that the trabecular architecture of the femoral head was 
highly correlated with age at death.  
Macchiarelli and Bondiolini (1994) studied age-related changes using three cross-
sections of the proximal femur.  These researchers found that bone loss was influenced 
by the types of stresses put on the bone.  These stresses include nutritional differences, 
status, and sexual divisions of labor.  Males in this study had a slower rate of bone 
involution.  This bone involution was more erratic in males than in females.  They 
concluded that, due to variability in bone loss, the standards measuring the trabecular 
architecture of the proximal femur had only a weak chance of accurately placing 
individuals in defined age categories.   
 Kotting (1977) used radiographs of the proximal femur to make age 
determinations for an archaeological population.  Kotting used four criteria: cortical 
thickness, trabecular density, trabecular thickness, and visual bone loss.  The author, by 
seriation of the study population, defined eight phases of trabecular change.  Kotting 
(1977) found that his phase method had significant correlations to other aging methods, 
such as the pubic symphysis aging method (Brooks, 1955; Todd, 1921) and suture 
closures (Brooks, 1955).  The results of this study are site-specific for an archaeological 
population. Thus, Kotting’s phases will not be used in the current study. 
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 Brickley and Howell (1999) looked at age-related changes in the trabecular bone 
of lumbar vertebrae.  Although they did not assign certain age categories to their data, the 
authors did find that, for both males and females, there was a significant loss in the length 
of trabeculae with advancing age.  Shranz (1959) studied changes in the trabecular bone 
of the humerus.  He published an age classification system that centers on the epiphyseal 
line and movement of the cone of the medullary cavity.  Shranz (1959) found that 
trabecular changes were regular and correlated with known ages. Previous research does 
not agree about the usefulness of using trabecular change as an indicator of age.  
However, none of these studies tested any previously published methods. Thus, the 
results of the current study may shed some light on the issue. 
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MATERIALS AND METHODS 
 This researcher evaluated a total of 240 individuals for the current study.  These 
cases were taken from four separate collections housed at three different institutions.  Of 
these 240 individuals, 92 were white males, 68 individuals were white females, 42 
individuals were black males and 38 individuals were black females.  In the selection 
process this researcher sought to obtain a wide range of age at death for each group.  
Individuals included in this study range from 18 to over 80 years in age.  Individuals with 
damaged femora or with gross pathology were excluded from this sample.  Given the 
overall health of the collections, however, few older individuals lacked, at least, minimal 
arthritic activity.  Thus, some leeway was taken in the inclusion of arthritic bones.  The 
researcher included both the right and left femora for all individuals.  Each individual 
used had a documented sex, age, and racial affinity.  Depending on the collection, sex, 
age, and racial affinity were based on either positive identifications or autopsy results. 
One hundred and forty-nine individuals were selected from the Terry Collection 
housed at the Smithsonian Institution in Washington, D.C.  This sample included 38 
white females, 37 black females, 37 white males, and 36 black males.  Twelve cases were 
taken from the Louisiana State University (LSU) Forensic Laboratory Collection.  Of 
these twelve cases, there were four females and eight males.  Only one individual, a male, 
was black.  All other individuals were designated white.  A total of 37 individuals were 
taken from the Bass Donated Collection at the University of Tennessee, Knoxville.  Of 
these, there were 25 white males, 5 black males, 6 white females, and 1 black female.  
This researcher used a total of 43 individuals from the Erickson Collection, housed at the 
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University of Tennessee, Knoxville.  Of these 43 individuals, 23 were white males and 20 
were white females.   
For each individual, posterior-anterior x-rays of both the right and left proximal 
femora were taken.  The femora were placed in anatomical position with the linea aspera 
facing up.  Individual x-ray machines are different.  Thus, the x-ray settings varied 
between the Terry Collection, the LSU Forensic Collection, and the Bass Donated 
Collection.  The change in settings was based on the recommendation of the x-ray 
technician as to the best settings for dry bone of that given machine.   For the LSU 
Collection, four individuals were placed on each x-ray film.  The x-rays were taken using 
58 KVP, and 50MA.  The researcher used a 0.5 sec. exposure time with 40 inches 
between the tube and the base.  For the Terry Collection, two individuals were placed on 
each film.  X-rays were taken using 80 KVP, 20MA an exposure time of 0.2 sec., and a 
distance from base of 40cm.  The researcher placed four individuals per x-ray sheet for 
the Bass Donated Collection.  X-rays were taken using 46 KVP, an exposure time of 0.3 
sec., and a distance from base of 40 inches.  For the Erickson Collection, this researcher 
used preexisting x-rays of the proximal femur from the records housed with the 
collection. 
The researcher applied Szilvassy and Kritscher’s (1990) aging technique and 
Walker and Lovejoy’s (1985) aging technique to both the right and the left element of 
each individual.  The results from these two methods were then compared against actual 
age at death.  The results of the two trabecular aging techniques were compared with each 
other to highlight the differences, similarities and overall accuracy of the methods.   
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  Most skeletal aging methods commonly used by the anthropological community 
have separate standards published for males and for females.  Neither Walker and 
Lovejoy (1985) nor Szilvassy and Kritscher (1990) made any distinction between male 
and female patterns of bone loss.  This researcher separated the sample into groups based 
on sex to see if there were any appreciable differences in the patterns of trabecular bone 
loss between males and females.  This researcher also separated the results of the total 
sample into groups based on racial affinity in order to see if racial differences had any 
effect on the accuracy of the methods. 
 Contingency analysis was done comparing the number of individuals assigned to 
an age category and the number of individuals whose true age at death fell into that 
category.  For both methods, these tests were run on the total sample, females, males, 
blacks, and whites.  For several of the smaller groups the number of occurrences per 
category were either too unevenly distributed or too small for accurate testing.   Thus, for 
the Walker and Lovejoy (1985) method, contingency analysis was possible only for white 
males.  For the Szilvassy and Kritscher (1990) method, contingency analysis was possible 
for white males and white females.   
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RESULTS  
 
The two methods that the researcher used in this study both addressed bone loss in 
the proximal femur.  Each method followed, roughly, the same progression of dense, 
finely meshed bone to sparse, weakly organized bone.  However, the two methods 
differed in both the specific traits that were given importance and in the ages that were 
assigned to different degrees of bone loss.  Thus, although both methods used degree and 
pattern of bone loss to assign ages, the differences in the methods were enough that each 
method yielded different results.  Using both methods, the researcher did not assign ages 
with a high degree of accuracy.  The Szilvassy and Kritscher (1990) method, however, 
did yield slightly better results than the Walker and Lovejoy (1985) method (Tables 1 and 
2).   
TABLE 1:  Accuracy of Walker and Lovejoy (1985) When Compared to True Age at 
        Death  
Sample 
Variables 
Total 
Number 
Correct Assigned 
Category (%) 
Within Five Years of 
True Age (%) 
χ2 
Value 
Males 
     White 
      Black  
134 
92 
42 
20 
22 
17 
43 
35 
52 
36.08** 
32.10** 
---- 
Females 
     White 
      Black 
106 
68 
38 
19 
21 
16 
45 
41 
50 
14.88 
---- 
---- 
Blacks 
     Males 
     Females 
80 
42 
38 
16 
17 
16 
51 
52 
50 
14.72 
---- 
---- 
Whites 
     Males 
     Females 
160 
92 
68 
21 
22 
21 
38 
35 
41 
31.92** 
32.10** 
---- 
Total in 
Sample 
240 19 43 44.71** 
 ** Significant at a 0.01level; ---- Sample size was too small or too unevenly distributed 
for accurate testing 
 17
 
TABLE 2: Accuracy of Szilvassy and Kritscher (1990) When Compared to True Age at   
        Death  
Sample 
Variables 
Total 
Number 
Correct Assigned 
Category  (%) 
Within Five Years of 
True Age (%) 
χ2 
Value 
Males 
     White 
      Black 
134 
92 
42 
34 
27 
42 
49 
45 
52 
11.72 
11.52 
---- 
Females 
     White 
     Black 
106 
68 
38 
37 
33 
42 
52 
52 
53 
12.88 
9.16 
---- 
Blacks 
     Males 
     Females 
80 
42 
38 
42 
42 
42 
53 
52 
53 
12.16 
---- 
---- 
Whites 
     Males 
     Females 
160 
92 
68 
30 
27 
33 
49 
45 
52 
11.86 
11.52 
9.16 
Total in 
Sample 
240 34 50 20.26* 
* Significant at a 0.1 level; ---- Sample size was too small or too unevenly distributed for 
accurate testing 
 
 Using the Walker and Lovejoy (1985) method, the researcher assigned 19% of 
individuals into correct age categories (Table 1).  In the current study, an age was deemed 
correct when the true age at death fell within the boundaries of the assigned age category.  
The researcher assigned correct age categories to 34% of the individuals in this study 
using the Szilvassy and Kritscher (1990) standards (Table 2).  This researcher assigned 
individuals to one age category, per method, during the evaluation process.  In the 
practical forensic world, more leeway is often given.  Thus, this researcher also combined 
both individuals who were aged correctly and individuals whose assigned age category 
was within five years of true age at death.  For this five-year group, true age at death fell 
either within the assigned age category or within five years of the boundaries of that 
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category.  The Walker and Lovejoy (1985) method used five-year intervals in their age 
standards.  Thus, for this method, the five-year group spans a 15-year zone.  The 
Szilvassy and Kritscher (1990) method used ten-year intervals in their standards.  Thus, 
for the Szilvassy and Kritscher (1990) method, the five-year group spans a 20-year zone 
in which an assigned age category would be found acceptable.   
Using the Walker and Lovejoy (1985) method, the researcher assigned an age 
category within five years of true age for 43% of the individuals in this study.  Although 
still not high, this does double the number of individuals that would be acceptably aged in 
practical application.   The Szilvassy and Kritscher (1990) method assigned an age 
category within five years of the true age at death for 50% of the sample.  This difference 
between the group that was given correct ages and the group who included individuals 
within five years, although not as dramatic, is still high.   
The Contingency analysis for the total sample showed a significant difference 
between true age at death and assigned age (Tables 1 & 2).  For the purposes of the 
current study, if the methods tested were highly accurate, then the number of individuals 
assigned to a given age category would be equal to the number of individuals that were 
truly in that age category.  In a contingency analysis, because the sample size of assigned 
and true ages are the same, if the methods are accurate, the observed frequencies of both 
true and assigned age would vary little from the expected frequency for each age 
category.  Thus, the higher the chi square value, the larger the difference between the 
frequencies of true and assigned age.  For both the Walker and Lovejoy (1985) and the 
Szilvassy and Kritscher (1990) techniques, assigned age at death and true age at death 
varied significantly from each other.  The Szilvassy and Kritscher (1990) method yielded 
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a lower chi square statistic than the Walker and Lovejoy (1985) method.  This, most 
likely, reflects the differences in the accuracy of these techniques.   
Using the Walker and Lovejoy (1985) standards, the researcher aged a greater 
percentage of males correctly than females (Table 1).  This difference was, however, only 
one percent.  The contingency analysis yielded different results.  For the chi square tests, 
males had a high and statistically significant chi square statistic.  Females, however, did 
not have a significant difference between true and assigned age.  When the researcher 
included individuals who’s assigned age categories were within five years of true age, 
females scored slightly higher than males (Table 1).  Thus the Walker and Lovejoy 
(1985) standards tend to yield mixed results when broken down by sex.   
 The researcher also wanted to know whether racial affinity had any bearing on the 
accuracy of these two methods.  The Walker and Lovejoy (1985) method again yielded 
mixed results (Table 1).  A greater percentage of white individuals were assigned correct 
ages than black individuals.  However, when individuals assigned age categories within 
five years of the true age were added, the results switched.  Black individuals were 
assigned close ages more often than white individuals.  The contingency analysis for 
white individuals is significant but not for black individuals.  Thus, there was a greater 
difference between true and assigned ages for whites than for blacks.  Based on these 
mixed results, race does not appear to be a strong influence on the results of this method.   
 The researcher broke the sample down further into four groups: white males, 
white females, black females, and black males (Table 1). The Walker and Lovejoy (1985) 
method showed the same trend seen in the racial breakdown.  In absolute accuracy, the 
two white groups scored better than the two black groups.  White males had the highest 
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percentage of individuals aged correctly.  However, white males showed a significant 
difference between true and assigned age.  White females came next followed by black 
males and black females.  When individuals within the five-year group were added, the 
two black groups scored better than the two white groups.  Black males had the highest 
percentage of individuals within five years of true age. White males had the lowest 
percentage of individuals assigned close ages.  For the Walker and Lovejoy (1985) 
method neither race nor sex appears to have strong effects on the accuracy of this 
technique. 
In contrast, a difference between the sexes appeared when the researcher used the 
Szilvassy and Kritscher (1990) standards (Table 2).  Females scored higher than males in 
both absolute accuracy and within five years of the true age.  For this method, sex 
differences may have some effect on the accuracy of this technique.  This difference, 
however, is not significant.  For both males and females, the frequency per age category 
did not vary significantly between true and assigned age (Table 2).   
In the racial breakdown, the researcher had better results with black individuals 
than white individuals.  This trend appeared both in general accuracy and when the 
individuals with assigned age categories within five years of true age were added.  The 
chi square tests showed no significant variation in the frequency of assigned age and true 
age at death between blacks and whites (Table 2).   
 When the researcher broke the Szilvassy and Kritscher (1990) results into the four 
groups defined by race and sex, some new patterns emerged (Table 2).  The two black 
groups scored higher than the two white groups. This agreed with the general racial 
breakdown.  When the four groups were split, there were no major differences in the 
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results between black males and black females.  The two white groups, however, agreed 
with the general trend of the sex breakdown.  For the two white groups, females scored 
higher than males. Again, however, this difference is not significant.  Of the four groups, 
black males were the most accurate.  The black female group followed closely in 
accuracy.  White males had the lowest accuracy rate.  When individuals with assigned 
age categories within five years of true age were added, the pattern remained, basically, 
the same.  Black females, however, had the highest numbers followed closely by the 
black male group.  This method appears to apply better to black individuals than white 
individuals.  For black individuals, sex seems to make little difference in the accuracy of 
the method.  Within the white groups, however, the Szilvassy and Kritscher (1990) 
standards apply better to females than to males.  Thus, for the Szilvassy and Kritscher 
(1990) method, both race and sex may affect the accuracy of the technique.   
Age Breakdown 
In an attempt to see if these two methods apply evenly to all age groups, this 
researcher divided the results of both methods into the specific age categories set down in 
the methods.  The two methods differed in how they defined the age categories in their 
standards.  The Walker and Lovejoy (1985) standards used five-year intervals for their 
age categories.  The Walker and Lovejoy (1985) standards had an upper range of 60 plus 
(Table 3).  The Szilvassy and Kritscher (1990) standards used ten-year intervals.  This 
method used an upper age limit of 70 plus (Table 4).  Overall, while the total sample 
included a broad range of ages, the sample tended to contain more elderly individuals 
than younger individuals. 
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TABLE 3: Distribution of the Sample by Age Category for Walker and Lovejoy (1985)  
 
 
TABLE 4: Distribution of the Sample by Age Category for Szilvassy and Kritscher     
                  (1990) 
 
When broken into the different age categories, the Walker and Lovejoy (1985) 
standards apply most accurately to the poles of age distribution (Figure 6). This method 
applies best to younger individuals, 34 and below.  As age progresses, the accuracy of 
this method decreases, reaching a low in the late forties.  Over the age of 50, however, 
the accuracy of the Walker and Lovejoy (1985) method increases into the older age 
categories.  When the Walker and Lovejoy (1985) results were broken down by sex, the 
Age 
Category 
Number  of 
Males 
Number  of 
Females 
Number of 
Blacks 
Number  of 
Whites 
Number of 
Total Sample 
18-24 9 3 8 4 12 
25-29 10 8 10 8 18 
30-34 6 7 5 8 13 
35-39 14 7 9 12 21 
40-45 10 9 7 12 19 
45-59 13 10 8 15 23 
50-59 32 25 14 43 57 
60+ 40 37 19 58 77 
Age 
Category 
Number of 
Males 
Number of 
Females 
Number of 
Blacks 
Number of 
Whites 
Number of 
Total Sample 
18-19 3 0 2 1 3 
20-29 16 13 17 12 29 
30-39 19 13 14 18 32 
40-49 23 19 14 28 42 
50-59 34 26 15 45 60 
60-69 21 22 11 32 43 
70+ 18 13 7 24 31 
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results of the female groups agreed with the total sample trends.  For females, the polar 
categories were the most accurate while the middle age categories were the least accurate.  
The male group did not follow the general sample trend as closely as females (Figure 7).   
 Age Breakdown of Walker and Lovejoy (1985) 
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FIGURE 6: Age Breakdown of Walker and Lovejoy (1985) for  
the Total Sample 
 
When the samples were separated into two groups by race, both groups agreed 
with the trend of the total sample (Figure 7).  The most accurate categories were the 
younger and the older groups.  This researcher did not assign correct age categories to 
any black individuals between the ages of 40 and 59.  This researcher assigned ages in a 
similar pattern to white individuals.  Like the black group, the white group was aged best 
in the younger age categories and the middle age groups were the least accurately aged.  
However, while no black individuals in the middle age ranges were given correct ages, 
several white individuals were assigned correct ages in the middle groups.   
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When the four subgroups were evaluated separately, with slight variations, three 
of the subgroups were aged more accurately at the polar ages and had several middle age 
categories where no individuals were given correct age designations (Figure 7).  White 
males proved the exception to this trend. 
Age Breakdown for Walker and Lovejoy (1985) 
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FIGURE 7: Age Breakdown of Walker and Lovejoy (1985) Subgroups 
White males peak in absolute accuracy at ages 30-34 and the accuracy slowly 
decreases with advancing age groups. The researcher cannot explain why the white male 
group deviated from the rest of the sample.   
The Szilvassy and Kritscher (1990) standards included an 18-20 year category, 
only three individuals used in this study were below the age of 20.  Thus, percentages in 
this age category may be skewed by the low sample size.   Using the Szilvassy and 
Kritscher (1990) standards, this researcher assigned ages with the most accuracy to 
individuals in the 18-20 year age range (Figure 8).  As the age categories progressed, the 
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accuracy of the technique steadily declined.  Thus, the 70+ age range had the lowest 
percentage of individuals assigned correct ages. 
When broken into groups by sex, the results of the Szilvassy & Kritscher (1990) 
method varied between males and females (Figure 9).   
Age Breakdown For Szilvassy and Kritscher (1990) 
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  FIGURE 8:  Age Breakdown of Szilvassy and Kritscher (1990) for the  
    Total Sample 
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 FIGURE 9: Age Breakdown of Szilvassy and Kritscher (1990) Subgroups 
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The males in this study followed the same pattern as the total sample.  The 
accuracy steadily decreased as age progressed.  The 70+ category had no male 
individuals given correct ages.  Females, however, showed a slightly different age 
breakdown than the total sample (Figure 9).   The most accurate age group was the 20-30 
year age category.  Instead of a steady decline in accuracy as age progresses, the female 
group plateaus at approximately 31% to 32% accuracy for the rest of the categories.  
Thus, males follow the declining pattern.  Females, however, are given more accurate 
ages in the younger groups but are fairly evenly aged for all other categories. 
When the results of the Szilvassy and Kritscher (1990) method were divided by 
race, both racial groups followed, basically, the same pattern (Figure 9).  With the 
exception of the 50-60 year age group, black males agreed with the total sample trend.  In 
contrast, the white group follows the general trend of declining accuracy with increasing 
age with the exception of the 40-50 year group.  One striking difference between the two 
racial groups appears in the 70+ category.  No black individuals over the age of 70 were 
given correct ages.  Seventeen percent of white individuals over the age of 70 were given 
correct age designations.  Thus, this method may apply better to older white individuals 
than older black individuals. 
The researcher broke down the Szilvassy and Kritscher (1990) results into the 
four groups defined by race and sex (Figure 9).  When the four subgroups were isolated, 
no single sub-group fully agreed with the total sample pattern.  White males, in contrast 
to the total sample results, had the most accurate ages given to the very young and the 
middle age categories.  For white females, also in contrast to the total sample results, the 
Szilvassy and Kritscher (1990) standards seem to apply better to the two polar categories 
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than to the middle age ranges.  The accuracy of this method decreased rapidly after the 
age of 40 for black males.  In agreement with the total sample, these standards best apply 
to black males ages 40 and younger.  The accuracy declines as age progresses.  No black 
males over the age of 60 were assigned correct ages.  These standards do not appear to 
apply well to elderly black males.  When black females were analyzed, the age category 
breakdown followed the same general pattern as the total sample.  The black female 
group followed the total sample trends with the exception of the 60-70 year age category, 
which had the highest accuracy rate next to the 20-30 year age category.   
Over and Underestimation of Age 
 Because both methods yielded low rates of accuracy, this researcher, as well as 
looking for trends in individuals with correct ages, looked for trends in individuals who 
were aged incorrectly.  For incorrect individuals, this researcher checked to see whether 
the method used either overestimated the age at death, assigned an age that was older 
than true age, or underestimated age at death, assigned an age that was younger than true 
age.  By doing this, the researcher hoped to illuminate trends and flaws in the application 
of the two methods. 
Using the Walker and Lovejoy (1985) standards, the results were the same for all 
groups in the sample (Table 5).  Individuals who were assigned incorrect ages were 
overwhelmingly under-aged.  Among the groups defined by race and sex, the percentages 
of individuals over-aged and under-aged were similar to the total sample. The group with 
the closest percentage of individuals who were equally misclassified, over and under true 
age, was the black male group.  The group with the largest disparity between over-aging 
and under-aging numbers was the white male group.  Thus, this method tends to 
 28
underestimate age more often than overestimate age.  Black males, however, are the 
group that is more likely than any other to have an individual over-aged.   
TABLE 5: Walker and Lovejoy (1985) Incorrect Cases for Total Study 
Variables Total Incorrect Overestimated (%) Underestimated (%)
White Males 72 20 80 
White Females 54 33 67 
Black Males 35 36 64 
Black Females 32 25 75 
Total in Sample 193 26 64 
 
This researcher also overwhelmingly underestimated age using the Szilvassy and 
Kritscher (1990) standards (Table 6).  For the smaller groups, based on race and sex, the 
white female group was the closest of all the groups to having equal numbers of ages 
over and underestimated.  The group with the largest disparity between over and under-
aging was the black female group.  Thus, the Szilvassy and Kritscher (1990) method 
tends to underestimate age rather than overestimate age.  Unlike the Walker and Lovejoy 
(1985) method, however, white females are the group that is more likely than any other to 
be overestimated for this method. 
TABLE 6: Szilvassy and Kritscher (1990) Incorrect Cases for Total Study 
Variables Total Incorrect Overestimated (%) Underestimated (%)
White Males 67 33 67 
White Females 45 35 65 
Black Males 24 29 71 
Black Females 22 14 86 
Total in Sample 158 30 70 
 
 
 29
Cases More Than 20 Years Away from True Age 
 This researcher isolated cases where the assigned age categories were more than 
20 years away from true age at death (Table 7).  For these cases, true age at death fell at 
least 20 years away from the boundaries of the assigned age category.  Due to the 
differences in the age intervals of the methods, these cases fell outside of a 45-year range 
for the Walker and Lovejoy (1985) method and a 50-year range for the Szilvassy and 
Kritscher (1990) method.  By looking at these cases the researcher was again looking for 
trends in the accuracy of these two methods.  The Walker and Lovejoy (1985) method 
misclassified 51 individuals by over 20 years, 22% of the total sample.  Using this 
method, only 47 individuals, 19% of the sample, were assigned to correct age categories.  
Thus, using the Walker and Lovejoy (1985) method this researcher assigned more age 
categories that were over 20 years off of true age than ages that were in the correct age 
group.  Of the four subgroups, this method tended to misclassify a greater number of 
white males by more by more than 20 years than the other groups.  
TABLE 7: Number of Age Categories More Than 20 Years Away from True Age    
                  at Death 
Methods White 
Males 
White 
Females 
Black Males Black 
Females 
Total Sample 
Walker and 
Lovejoy 
(1985)  
26 
(28%) 
11 
(16%) 
7 
(16%) 
7 
(18%) 
51 
(21%) 
Szilvassy 
and 
Kritscher 
(1990) 
13 
(14%) 
10 
(15%) 
7 
(16%) 
6 
(15%) 
36 
(15%) 
 
In contrast to the Walker and Lovejoy (1985) method, the researcher assigned 
more correct age classifications than off by 20 years using the Szilvassy and Kritscher 
(1990) method (Table 7).  With the Szilvassy and Kritscher (1990) method, the results of 
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the four groups were not so dramatic.  Fifteen percent of the total sample was off of the 
true age by more than 20 years.  Each of the four groups roughly agreed with these 
numbers, varying only by two percent.  Thus, the Szilvassy and Kritscher (1990) method 
does not seem to differ between any one group in misclassifying true age at death. 
Pathology 
 This researcher included 86 individuals in the study who showed osteophytic 
growth on the proximal femur.  After getting such low overall accuracy for both methods, 
the researcher questioned whether the inclusion of these individuals could have affected 
the outcome of the methods. Using the Walker and Lovejoy (1985) method, the 
researcher assigned correct ages to 20% of the individuals with osteophytic growth.  This 
researcher assigned correct ages to 25% of individuals without osteophytic growth.  
Using the Walker and Lovejoy (1985) method, the researcher assigned correct ages at a 
slightly lower rate to individuals with osteophytes than to individuals without 
osteophytes.  Thus, the presence of osteophytes seems to have a small effect on the 
accuracy of the Walker and Lovejoy (1985) method.  
Using the Szilvassy and Kritscher (1990) technique this researcher assigned 
correct ages to 28% of the individuals with osteophyte growth on the proximal femur.  
Overall, the researcher assigned correct ages to 49% of individuals without osteophyte 
growth.  Thus, this researcher correctly assigned ages to individuals with the presence 
osteophytes at a lower rate than individuals without the presence osteophytes.  Thus, 
osteophyte growth may be a factor in the accuracy of this method.   
 Elderly individuals tend to be prone to osteophyte growth.   Thus, the main factor 
in the inability to correctly age these femurs may be age rather than pathology.  As stated 
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previously, the Szilvassy and Kritscher (1990) method did not age elderly individuals 
with a high degree of accuracy.  The Walker and Lovejoy (1985) method, however, 
correctly aged older individuals at a higher rate.  However, both methods applied with the 
most accuracy to younger individuals rather than older individuals.  Thus, this researcher 
checked to see if the presence of osteophytes was affecting the methods or if the age of 
the individuals with osteophyte growth was causing these results.  Overall, in this study, 
134 individuals were over the age of 50.  Of these 134 individuals, 76 showed some 
degree of osteophyte growth on the proximal femur.  Using the Walker and Lovejoy 
(1985) method, this researcher correctly assigned ages to 16 of these 76 individuals.  
Thus, this method correctly assigned ages to 21% of the individuals with osteophyte 
growth.  Although these numbers roughly agree with the total sample accuracy results, a 
difference appeared when the results of individuals over 50 with osteophytes were 
compared to the results of individuals over 50 without osteophytes.  The Walker and 
Lovejoy (1985) method correctly assigned ages to 48% of individuals over the age of 50 
who did not have osteophyte growth.  Thus, there was a major difference in the accuracy 
of this test between people with and without osteophytes.  This test applies much more 
accurately to individuals without osteophyte growth than individuals with osteophyte 
growth.   
Similar results appear when looking at the results gained from the Szilvassy and 
Kritscher (1990) standards.  This method assigned correct ages to 26% of individuals 
over 50 with osteophyte growth.  Alternatively, this method assigned correct ages to 53% 
of the individuals over 50 who did not have osteophyte growth.  Thus, for both the 
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Walker and Lovejoy (1985) and the Szilvassy and Kritscher (1990) methods, the 
presence of osteophytes appears to be a factor in the overall accuracy of the techniques.   
Comparison of Collections 
Accuracy 
 This researcher wanted to know whether or not the two methods tested applied 
evenly to multiple populations.  When the results were separated by collection, variations 
in trends appeared.  For both methods, results varied from collection to collection.  The 
Szilvassy and Kritscher (1990) method was more accurate than the Walker and Lovejoy 
(1985) method for three of the four collections.  As seen in Tables 8 and 9, the LSU 
Collection, the Bass Donated Collection and the Terry Collection all agreed with the total 
sample results.  The Erickson Collection, however, had a higher rate of accuracy using 
the Walker and Lovejoy (1985) method.  When cases within five years of the correct age 
category were added, the accuracy of the methods switched places.  With these cases 
included the Erickson Collection agreed with the other collections used.  
 
TABLE 8: Accuracy of Walker and Lovejoy (1985) by Collection 
Collections Total Number Correct (%) Within Five Years (%) 
Terry  148 17 42 
LSU  12 33 67 
Bass 37 30 54 
Erickson 43 16 26 
 
 The Walker and Lovejoy (1985) technique yielded the most accurate results for 
the LSU Collection (Table 8).  This method applied to the Bass Collection with only 
slightly lower absolute accuracy.  The Terry Collection came in third of the four with the 
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Erickson collection having the least percentage of individuals assigned correct ages.  
When individuals in the five-year group were included, the results remained the same.   
The Szilvassy and Kritscher (1990) method, like the Walker and Lovejoy (1985) 
method, applied with the most accuracy to the LSU and Bass Collections (Table 9).  
However, this technique had a slightly higher accuracy rate with the Bass Collection than 
the LSU Collection.  The Terry Collection, again, came in third.  This method applied 
with the least amount of accuracy to the Erickson Collection.  When the five-year group 
was added, the Szilvassy and Kritscher (1990) method assigned more close ages to the 
LSU Collection than the Bass Collection.  Again, with the five-year group included, the 
Terry Collection had the third highest percentage and the Erickson the fourth. 
 
TABLE 9: Accuracy of Szilvassy and Kritscher (1990) by Collection 
Collections Total Number Correct (%) Within Five Years (%) 
Terry  148 36 49 
LSU  12 42 75 
Bass 37 46 66 
Erickson 43 14 33 
 
When separated by sex, the trends again do not agree from collection to 
collection.  For the Walker and Lovejoy (1985) method the results of the four collections 
were split.  The Walker and Lovejoy (1985) technique applied better to females in both 
the Bass Collection and the Erickson Collection.  On the contrary, this technique applied 
better to males in the Terry and LSU Collections.  When cases with assigned age 
categories within five years of true age at death were added, similar results were not 
demonstrated in all four collections. This method applied better to females for the LSU 
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Collection, the Bass Collection, and the Erickson Collection.  With the five year group 
included, males scored better only in the Terry Collection.   
The results of the Szilvassy and Kritscher (1990) method, again, proved more 
uniform than the results of the Walker and Lovejoy (1985) method.  Using the Szilvassy 
and Kritscher (1990) technique, the results of the comparison by sex did not vary 
between collections.  For all four collections, the Szilvassy and Kritscher (1990) method 
applied better to females than males in both absolute accuracy and when cases within five 
years were added.   
  Only two of the four collections were used in the analysis of racial differences.  
The sample taken from the Erickson Collection was made up entirely of white individuals 
and the sample from the LSU Collection only included one black individual.  However, 
for the Terry Collection and the Bass Collection, the results agreed with each other in 
both absolute accuracy and when assigned age categories within five years were added.  
In these two collections, the Walker and Lovejoy (1985) method applied to white 
individuals more accurately than black individuals.  With the five year group included, 
black individuals were given close ages more often than white individuals. 
Using the Szilvassy and Kritsher (1990) technique, the results of both the Terry 
and the Bass Collections agreed with each other in the results of absolute accuracy.  In 
agreement with the results of the total sample, black individuals were assigned to a 
greater percentage of correct age categories than white individuals.  However, when the 
five-year group was added in, the collections differed.  For the Bass Collection, more 
blacks were given close ages than whites.  For the Terry Collection, when cases within 
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five years of the correct age category were added, there were no differences in black and 
white results.   
Age Breakdown by Collection 
Using the Walker and Lovejoy (1985) method, two of the four collections had 
similar age breakdowns.  This method was more accurate in the polar categories and less 
accurate in the middle categories for both the Terry and the LSU Collections (Figure 10).  
The Bass Collection had the highest accuracy rate in the 30-34 category when compared 
to the younger category.   
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FIGURE 10: Age Breakdown of Walker and Lovejoy (1985) by  
           Collection 
 
Only two individuals, in the Erickson Collection, were below the age of 50.  
Therefore, the age breakdown of this collection does not agree with the results of any 
other collections used.  Neither the Walker and Lovejoy (1985) method nor the Szilvassy 
and Kritscher (1990) method correctly aged these younger individuals.  For the Erickson 
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collection, The Walker and Lovejoy (1985) method applied better to individuals in their 
50s than to any other group, not aging any younger individuals correctly.   
Using the Szilvassy and Kritscher (1990) technique, the age breakdown varied 
between all four collections.   Of the four collections, only the Terry Collection agreed 
with the age trend of the total sample and lost accuracy with increasing age (Figure 11).  
For the LSU Collection, the accuracy of the technique did not decline as age increased. 
This method correctly classified the middle age ranges more often than the younger age 
ranges.  For the Bass sample, the Szilvassy and Kritscher (1990) method best applied to 
the extreme elder range and the middle age ranges (Figure 11).   The Erickson Collection, 
while being most accurate in the 50-60 year age category, did lose accuracy as age 
increased.  The Terry Collection had the largest sample size of the collections used.  This 
may explain why only the Terry Collection agreed with the total sample trend while the 
other collections differed. 
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 FIGURE 11: Age Breakdown of Szilvassy and Kritscher (1990) by 
        Collection 
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Over and Underestimation of Age by Collection 
In the total study, the ages of incorrect cases were overwhelmingly 
underestimated rather than overestimated.  However, there appears to be a different trend 
in the results of the over and underestimation of age when separated by collection.  The 
two methods tended to overestimate more ages in the two collections that also had the 
highest accuracy rates. 
Using the Walker and Lovejoy (1985) technique, the results of the Terry 
Collection, the Bass Collection and the Erickson Collection agreed.  For the LSU 
collection, however, the Walker and Lovejoy (1985) method overestimated the age of 
more individuals than underestimated them.  
For the total sample using the Szilvassy and Kritscher (1990) method, incorrect 
ages were underestimated more often than overestimated.  These results, however, varied 
between collections.  The results of the Terry and the Erickson Collections agree with the 
results of the total study.  For the LSU and Bass Collections, the Szilvassy and Kritscher 
(1990) method tended to overestimate age at death rather than underestimate age at death.   
The implications from the results of the current study pertaining to the reliability 
of the two methods tested will be discussed in the following chapter.  The apparent 
variable rates of bone loss between the sexes, races, ages, collections, and specific 
individuals will also be addressed in the next chapter. 
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DISCUSSION 
Evaluation of the Techniques 
 Based on the current study, neither the Walker and Lovejoy (1985) nor the 
Szilvassy and Kritscher (1990) methods yielded results that were accurate enough to be 
commonly used in the forensic field.  One possible way to improve their low accuracy 
rates is to recalibrate their standards to better fit forensic populations.  Another 
consideration has to be that bone loss may be too variable to be a reliable indicator of age 
at death.  Bone loss is certainly variable between individuals and between populations.  In 
the current study, the Walker and Lovejoy (1985) standards assigned more age categories  
that were off by more than 20 years from the true age at death than categories that were 
correct.  Thus, this method appears to have little value to forensics.   However, for the 
Szilvassy and Kritscher (1990) method, several trends in the application of this technique 
did show up on analysis.  Thus, this researcher suspects that this method may, with 
recalibration and further testing, be useful in the forensic field. 
 The Szilvassy and Kritscher (1990) technique consistently aged individuals better 
than the Walker and Lovejoy (1985) method.  This generality holds true for all 
collections, except the Erickson Collection.  The Walker and Lovejoy (1985) technique 
was more accurate for this collection than the Szilvassy and Kritscher (1990).  
Explanations for this will be discussed later.  The differences in the accuracy of these two 
methods may be due to several factors.  They may be due to differences in the base 
populations on which the standards were formed.  They may be due to differences in the 
specific traits that were given importance, or they may be due differences in the structure 
of the standards. 
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The standards of the Walker and Lovejoy (1985) technique and the Szilvassy and 
Kritscher (1990) technique were based on different populations.  The Walker and 
Lovejoy (1985) standards were based on the seriation of the Libben Collection, an 
archeological collection, and then revised and tested on the Hamann-Todd Collection. 
The authors claim that their standards for the proximal femur are only moderately 
correlated with true age.  Thus, the Walker and Lovejoy (1985) standards do not appear 
to be highly applicable, even to the base populations.  The Szilvassy and Kritscher (1990) 
standards, however, according to the authors, were highly accurate on the base population 
from which they were formed.  These authors based their standards on both cross-
sections of modern remains and on x-rays of living people.  The Szilvassy and Kritscher 
(1990) base population, being modern, may be more similar to the populations used in the 
current study than the Walker and Lovejoy (1985) base population.  
Differences in the accuracy between the two methods may due to the specific 
traits that were given importance.  The Walker and Lovejoy (1985) technique stressed 
specific traits such as bone loss in Ward’s triangle and the greater trochanter.  In the 
current study, few distinctive trends were seen using the Walker and Lovejoy (1985) 
standards. Thus, this researcher suspects that the traits given importance by this method 
may be too variable to assign correct ages.  The Szilvassy and Krtischer (1990) method 
stressed a different set of specific traits.  This method particularly stressed the location of 
the apex of the medullary cavity.  However, along with specific traits, the Szilvassy and 
Kritscher (1990) method also took a more encompassing look at the bone loss of the 
proximal femur.  Their method gave more importance to the condition of the whole 
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femur. This general pattern of bone loss in the femur may be less variable between 
individuals than specific traits.   
Another explanation for the differences seen in the accuracy of these two methods 
may be the differences in the structure of their standards.  The Walker and Lovejoy 
(1985) technique used five-year intervals and stopped the categories at age 60 plus.  The 
Szilvassy and Kritscher (1990) technique, however, used ten-year intervals and had an 
upper age category of 70 plus.  If the Walker and Lovejoy (1985) standards were 
expanded into ten-year intervals instead of five year intervals, the accuracy of the method 
improves.  Nineteen percent of the sample was assigned to correct age categories using 
the published standards.  This researcher expanded the results of the Walker and Lovejoy 
(1985) method into ten-year groups.  With ten-year categories, this method would have 
assigned 30% of the sample to correct age categories.  This percentage is only slightly 
lower than the results of the Szilvassy and Kritscher (1990) method.  Thus, the Walker 
and Lovejoy (1985) method may be less accurate Szilvassy and Kritscher (1990) method 
because the age categories are smaller.   
One of the startling trends in this study was the difference in the accuracy of the 
methods when broken into age categories.  The Walker and Lovejoy (1985) technique 
was more accurate in the polar categories than in the middle categories.  Thus, their 
method, although fairly accurate at aging individuals with densely, meshed young bone 
and older sparse bone, needs to redefine the middle categories.  Also, that method, more 
than the Szilvassy and Kritscher (1990) technique, tended to underestimate age at death.  
Thus, the Walker and Lovejoy (1985) method, if it can be useful, may profit from 
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resetting all categories, especially the middle categories, with older ages for the same 
degree of bone loss. 
The Szilvassy and Kritscher (1990) technique, in the age breakdown, tended to 
lose accuracy as age increased.  Thus, this method may profit from a recalibration that 
looks closely at the variations in aging bone loss.  The Szilvassy and Kritscher (1990) 
method also tended to underestimate age at death.  Thus, the Szilvassy and Kritscher 
(1990) technique would also profit from resetting the stages with older categories for the 
same degree of bone loss.   
As stated earlier, of the four collections used, the Erickson Collection tends to be 
the exception to the generalities in the current study.  Both methods applied with the least 
accuracy to the Erickson Collection.  The low accuracy of the Erickson Collection may 
be due to the high average age, around 80, of individuals in that collection.  For both 
methods, the highest accuracy was in the lowest age ranges.  The Walker and Lovejoy 
(1985) method, however, applied more accurately to the older age categories than the 
Szilvassy and Kritcher (1990) method.  This may explain why the Erickson Collection 
was the only group that was more accurately aged by the Walker and Lovejoy (1985) 
method than by the Szilvassy and Kritscher (1990) method.   
Trends and Variation by Sex 
Both methods tested had different rates of accuracy for males and for females.  
When the results were separated by sex, the Walker and Lovejoy (1985) method had 
mixed results.  This technique was more accurate for males than for females.  However, 
the results of the contingency analysis and the five-year group differed from this. The 
four different collections, as well, varied in their results.  While differences in the sexes 
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were smaller and had no definite trend for the Walker and Lovejoy (1985) method, the 
Szilvassy and Kritscher technique, clearly, applied better to females than to males.  This 
method also yielded similar results for all four collections.  This indicates that females 
may lose trabecular bone differently than males.  Previous research also supports this 
idea.  According to Ericksen (1979), females have more bone loss in the proximal femur 
than males.  Riggs and Melton (1986) state that women will lose about 50% of their 
trabecular bone while men will only lose about 37%.  Thus, differences in the accuracy of 
these results for males and females should be expected. 
Several authors state that, as age progresses, the differences in bone loss between 
the sexes get larger.  In the current study, the two methods tested differed in their 
applicability to the two sexes with advancing age.  The Walker and Lovejoy (1985) 
results did not vary in the accuracy of the technique between males and females after the 
age of fifty.  In contrast, the Szilvassy and Kritscher (1990) technique showed marked 
differences between males and females in the applicability of the technique to individuals 
over the age of fifty.  Females were more likely to be assigned correct ages over the age 
of fifty than males.  Even though this tends agree with the total sample trend, the 
difference in accuracy between the sexes seen using the Szilvassy and Kritscher (1990) 
standards was greater for older individuals than younger individuals.  This difference in 
bone loss between the sexes with advancing age was also seen in other studies. 
According to previous studies, bone resorption becomes more variable as 
individuals age (Atkinson et al., 1962).  The incidence of fractures among males and 
females is similar until the age of eighty when the number of fractures in women rises 
above those in men (Chalmers and Ho, 1970).  Riggs and Melton (1986) agree that the 
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rates of bone loss for males and females differ more as age progresses.  Hormonal 
differences in the aging process may help to explain the increasing sexual dimorphism of 
bone loss that occurs with age.  While both males and females can suffer from senile 
osteoporosis caused by a long period of slow bone loss, only females show osteoporosis 
from short, accelerated bone loss that is associated with menopause (Riggs and Melton, 
1986).   
From the results of the current study, sexual differences in the rates of bone loss 
appear not to be a great influence on the Walker and Lovejoy (1985) technique.  
However, in order to be useful, the Szilvassy and Kritscher (1990) method should be re-
set with separate standards for males and for females.   
Trends and Variation by Race 
Researchers studying bone loss and rates of osteoporosis have also put forth the 
idea that race may be a factor in the degree of apparent bone loss that an individual has.  
The results of the Szilvassy and Kritscher (1990) method support these conclusions.  
Racial differences in bone loss do seem to be a factor in the accuracy of the Szilvassy and 
Kritscher (1990) method.  In both absolute accuracy and with the five-year group added, 
this technique gave more accurate ages to black individuals than to white individuals.  
The results of the Walker and Lovejoy (1985) technique, however, do not show any 
strong racial trends in accuracy.  For the Walker and Lovejoy (1985) technique, the 
significance of racial differences in bone loss appeared to be inconclusive.  While this 
technique applied better to white individuals in absolute accuracy, the results of the five-
year group and the contingency analysis, again, differed.   
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Previous studies may help explain the racial differences found in the applicability 
of the Szilvassy and Kritscher (1990) method.  Several authors have stated that black 
individuals tend to have higher bone mass and lower fracture rates than white individuals 
(Bollet et al., 1965; Chalmers and Ho, 1970; Liel et al., 1988; Riggs and Melton, 1986).  
Bone mass may be a hereditary trait.  Thus, the low incidence of bone fractures among 
black populations may be due to a hereditary increase in bone mass (Riggs and Melton, 
1986).  According to Trotter et al. (1960), although black individuals tend to have more 
bone mass than white individuals, the rate of bone loss does not differ significantly 
between the races.  Thus racial differences in trabecular bone architecture may be due 
more to differences in the general density of the bone before significant bone loss occurs 
than to differences in the pattern and degree of bone loss.   
If the previous authors are correct about black individuals having increased bone 
density, the researcher would expect to underage more black individuals than white 
individuals.  This assumption proved true for the Szilvassy and Kritscher (1990) 
technique but not for the Walker and Lovejoy (1985) technique.  Once again, racial 
differences in bone loss may have more of an effect on the Szilvassy and Kritscher 
(1990) method than on the Walker and Lovejoy (1990) method. Thus, in order to make it 
more useful, the Szilvassy and Kritscher (1990) technique should be recalibrated to 
accommodate racial differences. 
Other Factors  
Factors other than race and sex may contribute to variations in bone loss.  Judging 
from the four collections used, patterns of bone loss vary with the population that is 
studied.  Previous research supports this conclusion.  In studying the trabecular involution 
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of the femoral head in a prehistoric population, Mielke et al. (1972) found that the 
patterns of bone loss for a prehistoric population do not agree with the patterns of bone 
loss in modern populations.   In the current study, results were not similar for all 
collections used.  Of the four collections, three were modern and one was collected in the 
earlier part of the twentieth century.  Each collection was amassed in different regions 
and drew from different populations.  The LSU Forensic Collection was amassed in the 
past 20 years.  This collection is composed of both active and inactive forensic cases 
from around Louisiana.  The Bass Donated Collection is also a fairly recent collection.  
This collection is mainly composed of donated remains of modern people from around 
Tennessee.  The Terry Collection was amassed during the 1920s through the 1960s.  
Most of the individuals were of lower socio-economic status.  The Erickson Collection 
was amassed in the late 1970s to the early 1980s.  Individuals were all autopsy cases at 
George Washington University in Washington D.C.   
Both the Walker and Lovejoy (1985) and the Szilvassy and Kritcher (1990) 
methods appear to apply to modern forensic collections better than older forensic 
collections.  Both methods applied with the most accuracy to the Bass Donated and the 
LSU Collections.  The exception to this generalization is the Erickson Collection.  This 
collection, as already discussed, may not be applicable for either method due to the nature 
of the sample.   
Why, however, were the methods not as accurate for the Terry Collection as for 
the Bass and LSU Collections?  Again, the nature of the sample may explain the 
differences in accuracy between the collections.  The Terry Collection contains many 
individuals who suffered from an overall lack of health and may not be a good 
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representation of the general modern population (Ericksen, 1982).  Ericksen (1982) 
compared willed females from the Terry Collection to modern female remains.  The 
author found that Terry Collection females tended to be shorter, on average, than modern 
females and showed cortical bone loss at the intertrochanteric level at an earlier age than 
modern females.  Ericksen (1982) states that the Terry Collection may present a view of 
the aging process of the proximal femur that does not coincide with the aging processes 
of modern populations.  Thus, differences the results of each collection may be biased by 
sampling differences in the time, region and way in which the collections were amassed.  
The analysis of incorrect cases did not yield uniform results for all four 
collections.  The results of the Terry Collection and the Erickson Collection were more 
often underestimated.  However, the two collections that had the highest accuracy rate, 
the LSU Collection and the Bass Donated Collection, both had either the entire sample or 
contained subgroups who had ages more often over-aged than under-aged by both 
methods.  Based on the over and underestimation of these techniques, these two 
populations may lose greater amounts of bone earlier.   
Some factors in bone loss are person specific and may make forming accurate 
standards for trabecular loss difficult.  Health and workload have been cited by several 
authors as changing the amount of bone lost with age.  Liel et al. (1988) found that obese 
women were less likely to develop osteoporosis than non-obese women. This difference 
between females of similar age may be due to the increase of stress and accompanying 
muscle mass that is seen in obese individuals.  From studying various geographical 
populations, Chalmers and Ho (1970) found that senile osteoporosis may be linked to 
differences in physical activity.  There is a, well-known, positive relationship between 
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muscle mass and bone mass (Riggs and Melton, 1986).  Populations with easier 
workloads have a higher incidence of senile osteoporosis than populations that are subject 
to more physical stress (Chalmers and Ho, 1970).  Diet may, or may not, play a part in 
bone retention.  Riggs and Melton (1986) state that while there is no direct correlation 
between dietary calcium intake and bone loss, low levels of calcium throughout life will 
increase the probability of having high levels of bone involution.  Thus, population 
differences and individual differences most likely skew the results of the two aging 
methods tested. 
As was seen in the current study, bone pathology appears to have an effect on the 
accuracy of these methods.  Two possibilities may explain the high inaccuracy of both 
methods with individuals who displayed some degree of osteophyte growth.  The added 
bone may make the proximal femur appear denser on x-rays than is normal for that given 
age, making the individual appear younger than he or she was.  Another explanation is 
that osteophyte growth is correlative with high bone mineral density (Hart et al., 2002; 
Lane and Nevitt, 2002).   Thus, this higher bone mineral density may throw off the 
accuracy of the published standards.  No matter which explanation is true, these methods 
do not apply well to individuals with osteophyte growth on the proximal femur. 
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CONCLUSIONS 
 With the present standards, neither the Walker and Lovejoy (1985) nor the 
Szilvassy and Kritscher (1990) techniques of age determination produce accurate enough 
results to be used reliably by researchers.  Patterns of trabecular bone loss appear to be 
variable both between individuals and population groups.  Having evaluated the two 
methods, both showed trends in the results that have illuminated strengths and 
weaknesses in the techniques.  While the Walker and Lovejoy (1985) method may greatly 
improve accuracy by expanding the size of its age categories, the Szilvassy and Kritscher 
(1990) method still proved more accurate and more promising.  The Walker and Lovejoy 
(1985) technique tends to show fewer trends.   The Szilvassy and Kritscher (1990) 
technique, however, has several trends in accuracy and in inaccuracy.  Thus, with new 
published standards that take race, sex, and age related variations into account, this 
method may prove useful to the osteological and forensic communities. 
 49
REFERENCES 
Atkinson P, Weatherell J, and Weidmann S, 
1962 Changes in Density of the Human Femoral Cortex with Age. Journal of 
Bone and Joint Surgery 44B: 496-502. 
 
Bollet A, Engh G, and Parson W, 
 1965 Epidemiology of Osteoporosis. Archives of Internal Medicine 116: 191-194. 
 
Brickley M, and Howell P, 
1999. Measurement of Changes in Trabecular Bone Structure with Age in an 
Archaeological Population. Journal of Archaeological Science 26: 151-157. 
 
Brooks ST, 
1955  Skeletal Age at Death: the Reliability of Cranial and Pubic Age Indicators. 
American Journal of Physical Anthropology 13: 567-589. 
 
Chalmers J, and Ho K, 
1970 Geographical Variations in Senile Osteoporsis. The Journal of Bone and 
Joint Surgery 52: 667-675. 
 
Ericksen M, 
1979 Aging Changes in the Medullary Cavity of the Proximal Femur in American 
Blacks and Whites. American Journal of Physical Anthropology 51: 563-570. 
 
1982 How “Representative” is the Terry Collection? Evidence from the Proximal 
Femur. American Journal of Physical Anthropology 59: 345-350. 
 
Hart D, Cronin C, Daniels M, Worthy T, Doyle D, and Spector T, 
2002 The Relationship of Bone Density and Fracture to Incident and Progressive 
Radiographic Osteoarthritis of the Knee. Arthritis & Rheumatism 46: 92-99. 
 
Jowsey J, 
1962 The Structure of Normal and Osteoporotic Bone. Journal of Bone and Joint 
Surgery 44A: 1255-1256. 
 
Kotting D, 
1977 Trabecular Involution of the Proximal Femur as a Means of Estimating Age 
at Death.  MA Thesis, Kent State University, Kent, Ohio. 
 
Kranendonk D, Jurist J, and Lee H, 
1972 Femoral Trabecular Patterns and Bone Mineral Content. Journal of Bone 
and Joint Surgery 54A: 1472-1478. 
 
 
 
 50
Lane N, and Nevitt M, 
2002 Osteoarthritis, Bone Mass and Fractures: How are they Related? Arthritis & 
Rheumatism 46: 1-4. 
 
Liel Y, Edwards J, Shary J, Spicer K, Gordon L, and Bell N, 
1988 The Effects of Race and Body Habitus on Bone Mineral Density of the 
Radius, Hip, and Spine in Premenopausal Women.  Journal of Clinical 
Endocrinology and Metabolism 66: 1247-1250. 
 
Macchiarelli R, and Bondiolini L, 
1994 Linear Densitometry and Digital Image Processing of Proximal Femur 
Radiographs: Implications for Archaeological and Forensic Anthropology. 
American Journal of Physical Anthropology 93: 109-122. 
 
Mielke J, Armelagos G, and Van Gerven D, 
1972 Trabecular Involution in Femoral Heads of a Prehistoric (X-Group) 
Population from Sudanese Nubia. American Journal of Physical Anthropology 36: 
39-44. 
 
Mizrahi J, Margulies J, Leichter I, and Deutsch D, 
1984 Fracture of the Human Femoral Neck: Effect of Density of the Cancellous 
Core. Journal of Biomedical Engineering 6: 56-62. 
 
Pal G, and Routal R, 
1998 Architecture of the Cancellous Bone of the Human Talus. Anatomical 
Record 252: 185-193. 
 
Phillips J, Williams J, and Melick R, 
1975 Prediction of the Strength of the Neck of the Femur from its Radiological 
Appearance. Biomedical Engineering 10: 367-372. 
 
Riggs B, and Melton L, 
1986 Involutional Osteoporosis. New England Journal of Medicine 314: 1676-
1684. 
 
Ross M, and Reith E, 
 1985 Histology: a Text and Atlas. Harper & Row Publishers, New York. 141. 
 
Shranz D, 
1959 Age Determination from the Internal Structure of the Humerus. American 
Journal of Physical Anthropology 17: 273-277. 
 
 
 
 
 
 51
Siffert R, 
1967 Trabecular Patterns in Bone. American Journal of Roentgenology, Radium 
Therapy. and Nuclear Medicine 99: 746-755. 
 
Singh M, Nagrath A, and Maini P, 
1970 Changes in Trabecular Pattern of the Upper End of the Femur as an Index of 
Osteoporosis. Journal of Bone and Joint Surgery 52A: 457-467. 
 
Szilvassy J, and Kritscher H, 
1990 Estimation of Chronological Age in Man Based on the Spongy Structure of 
Long Bones. Anthropologischer Anzeiger 48: 289-298. 
 
Tobin W, 
1955 The Internal Architecture of the Femur and Its Clinical Significance. 
Journal of Bone and Joint Surgery 37A: 57-72. 
 
Todd T, 
1921 Age Changes in the Pubic Bone. American Journal of Physical 
Anthropology 4. 1-70. 
  
Townsley W, 
1948 The Influence of Mechanical Factors on the Development and Structure of 
Bone.  American Journal of Physical Anthropology 6: 25-39. 
 
Trotter M, Broman G, and Peterson R,  
1960 Densities of Bones of White and Negro Skeletons. Journal of Bone and 
Joint Surgery 42A: 50-58. 
 
Walker R, and Lovejoy C, 
1985 Radiographic Changes in the Clavicle and Proximal Femur and Their Use in 
the Determination of Skeletal Age at Death. American Journal of Physical 
Anthropology 68: 67-78. 
 
Weaver J, and Chalmers J, 
1966 Cancellous Bone: its Strength and Changes with Aging and an Evaluation of 
Some Methods for Measuring Its Mineral Content. The Journal of Bone and Joint 
Surgery 48A: 289-308. 
 
 
 52
VITA 
 
Wendy Michelle Jones was born and raised in Fullerton, California.  She 
developed an interest in anthropology early, hunting for bones and artifacts in her 
backyard.  As Wendy grew this love for anthropology grew along with her.  Thus, when 
the time came to leave Fullerton for college, there was no question about what field she 
would be pursuing.  This pursuit took her far away from sunny, Southern California to 
the frozen winters of Wisconsin.  In Wisconsin, Wendy spent four years attending Beloit 
College.  She graduated in the spring of 2000 with greater knowledge and greater 
enthusiasm for her chosen field.  The continuing pursuit of a career in anthropology, once 
again, took Wendy across the country to a new region.  She left the frozen north for the 
humid south where she began working on her master’s degree at Louisiana State 
University.  Life in Louisiana proved both challenging and rewarding.  However, after a 
little over three years of hard work, the light at the end of the tunnel can be seen.  Wendy 
plans to graduate in the fall of 2003.  In the future, Wendy plans to pursue a Ph.D. in 
anthropology. 
 
